PURIFICATION ARRANGEMENTS AND METHODS
FOR GAS PIPELINE SYSTEMS

Disclosure of the Invention

[0001] Natural gas and other gases transmitted througHipgsystems may carry many
types of particulates, including liquid dropletsifor solid particles. The gas may be the
source of the particulates. For example, gas iegténe pipeline system from a gas
treatment facility after it has been extracted frmvell may still be laden with particulates.
Or the particulates may be generated within thelpip system itself. For example, solid
particles may be generated by corrosion and abrasgihin the pipeline system. Liquid
droplets may arise from condensation or as residiikguid cleaners for the pipeline system.
Many of these particulates are harmful to the camepts of the pipeline system and the
personnel who operate and service the pipelin@systor example, the gas may carry black
powder, a general term used to describe a hosision-related particulate contaminants,
that can be erosive, toxic, and/or chemically rigaawith air, i. e., pyrophoric.

[0002] The present invention relates to purification agements and methods for
removing particulates from gas flowing through ggeline system. Embodiments of the
invention may include a pressure vessel havingnke and an outlet connected to the
pipeline system. The pressure vessel may contd@ast two purification assemblies, and

the gas may be directed through the pressure vedsete the purification assemblies
remove particulates from the gas.

[0003] A wide variety of purification assemblies may bediso remove the particulates.
For example, one or more of the purification asderalmay comprise a filter assembly.

Each filter assembly may include one or more filllements, and each filter element may
include a porous filter medium. As the gas floluotigh the pressure vessel, it passes
through the filter medium, and the particulatesiedrby the gas are trapped on the surface of
and/or within the filter medium. Further, at lease of the purification assemblies comprises
a separator assembly. Each separator assemblinolagle one or more separators which
remove particulates from the gas without the use pdrous filter medium. For example, a
separator may slow the velocity of the gas andellee particulates to settle from the gas, or
a separator may deflect the particulates from thmejpal gas flow stream, causing the gas
and the particulates to separate from one anotheany event, the purification assemblies
remove a significant portion of the particulates] gas leaving the pressure vessel has

significantly fewer particulates than gas entetimg pressure vessel.



Summary of the Invention

[0004] In accordance with one aspect of the inventionifipation arrangements for a

gas pipeline system may comprise a pressure vasdedt least first and second purification
assemblies. The pressure vessel may include a@monta gas inlet, and a gas outlet and may
define a gas flow path through the interior of pinessure vessel between the gas inlet and the
gas outlet. Both the first and second purificatissemblies may be located in the gas flow
path in the interior of the pressure vessel betwkemas inlet and the gas outlet. The second
purification assembly may be positioned in therioteof the pressure vessel between the
first purification assembly and the gas outlet.le&tst one of the first and second purification
assemblies includes separator assembly, and theasepassembly has one or more
separators which remove particulates from the @ae separator further includes a shell
mounted to one or more of the separators to cottteiparticulates removed by the
separator.

[0005] In accordance with another aspect of the invenponification arrangements for a
gas pipeline may comprise a pressure vesselgea ditsembly and a separator assembly. The
pressure vessel may include an interior, a gag mh&l a gas outlet and may define a gas
flow path through the interior of the pressure eébgtween the gas inlet and the gas outlet.
The filter assembly, which may be located in the i@ path in the interior of the pressure
vessel, may comprise a plurality of filter elementsd each filter element may have a porous
filter medium. The filter medium filters partictdes from the gas flowing through each filter
element. The separator assembly may be locatin@ igas flow path in the interior of the
pressure vessel between the filter assembly angahénlet of the pressure vessel. The
separator assembly may include one or more sepsyatad each separator removes
particulates from gas flowing through the separagsembly. The separator assembly
further includes a shell mounted to one or moriefseparators to contain the particulates
removed by the separator.

[0006] In accordance with another aspect of the inventioethods for removing
particulates from a gas flowing in a gas pipelipgteam may comprise establishing a flow of
gas through a pressure vessel, including dire¢tiagyas through a first purification assembly
and a second purification assembly in the intesfdhe pressure vessel to remove
particulates from the gas. Directing the gas thhothe first and second purification
assemblies includes directing the gas through omeooe separators which remove
particulates from the gas and containing the paetes removed by the separators in a shell

mounted to the separators. Each method also ceespieérminating the flow of gas through
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the pressure vessel and servicing at least orfeedfrst and second purification assemblies,
including removing from the pressure vessel thesspr assembly and the shell containing
the particulates.

[0007] Purification arrangements and methods embodyingpomeore aspects of the
invention have many advantages. The first andrekparification assemblies are highly
effective for removing particulates from the gastte gas returning to the pipeline system
from the pressure vessel has far fewer particulatgs may be largely free of solid particles
and liquid droplets, compared to the gas entehiegtessure vessel. Further, the
purification assemblies may be adjusted or resirectto accommodate varying gas flow
conditions in the pipeline without modificationthie pressure vessel. In addition, with the
shell mounted to one or more of the separatorgyuhiéication assemblies may be serviced,
e.g., cleaned and/or replaced, much more quicldysarfely. For example, by containing the
particulates within the shell, the separation asdgmay be removed from the pressure
vessel without exposing the service personneld@ttentially toxic, even chemically
reactive, particulate matter removed from the gathb separators. For some embodiments,
the shell may be liquid-tight and may be filledwtater and/or any other suitable inhibitor
before removal, further protecting the service pengl by preventing the particulates from
contacting the air upon removal. Further, by ciminig the particulates within the shell, the
pressure vessel remains much cleaner, reducindptivatime for servicing and replacing the

separator assembly.

Brief Description of the Drawings

[0008] Fig. 1 is a side view of purification arrangemeithwportions of the pressure
vessel and shell cut away.

[0009] Fig. 2 is an oblique view of a filter assembly.

[0010] Figs. 3a and 3b are oblique top and bottom views sdparator assembly.
[0011] Fig. 4 is an oblique view of a casing for the sapmrassembly of Fig. 3.
[0012] Fig. 5 is an exploded oblique view of an openabde&able barrier.

Detailed Description of Embodiments of the Inventio

[0013] Purification arrangements embodying the inventiayfine configured in a wide
variety of different ways. For example, the peation arrangement 10 shown in Fig. 1 may

comprise a pressure vessel 11 and two or moregatidn assemblies 12, 13 located in the



interior of the pressure vessel 11. The pressessal 11 may have a gas inlet 15 and a gas
outlet 16 coupled to a gas pipeline system (notvsh@nd may define a gas flow path
through the interior of the pressure vessel betweemas inlet 15 and the gas outlet 16. The
purification assemblies 12, 13 are positioned eghs flow path between the gas inlet 15
and the gas outlet 16. Natural gas or any othepgasing through the gas pipeline system is
directed through the pressure vessel 11 from teerdet 15 through one of the purification
assemblies 12 and then the other purification alslseh3 to the gas outlet 16. A significant
portion of the particulates, e.g., almost all spladticles and most of the liquid droplets,
entrained in the gas as it enters the gas inlé égmoved by the purification assemblies 12,
13, so the gas leaving the pressure vessel ligslyaree of particulates.

[0014] The pressure vessel may be configured in any ofenous ways. For example,

the pressure vessel may have a configuration sitaila scraper trap/launcher vessel used to
service the interior of the pipeline. The presugssel may have an elongate, generally
cylindrical structure and the axis may extend hantally, or it may extend vertically or at

any angle between horizontal and vertical. Theguee vessel may be formed as a unitary
structure or in a plurality of sections joined tthg in a fluid-tight manner. Further, the
pressure vessel may be constructed to withstandesign pressures and temperatures
appropriate for the pipelines of the pipeline systd-or example, for many natural gas
pipeline systems, the design pressure may be iratigee from about 30 barg or less to about
75 barg or more, e.g., about 60 barg, and the désigperature may be in the range from
about minus 40 °C to about 100 °C, e.g., abou€70Fbr many embodiments, the pressure
vessel may be formed from a metal and is quiteslargd heavy. The gas inlet and the gas
outlet of the pressure vessel may be on opposié @xds of the vessel, or one may be on an
end and the other may be on the side of the vamskgth may be on the side of the vessel
facing in the same or different directions. Ini#idd to the gas inlet and the gas outlet, a
variety of other ports may be provided at variamgations on the vessel, including ports for
pressure protection, purging, flooding, depresstion, and/or draining and for pressure drop
and level control. Further, the pressure vessglin@dude one or more hatches or other
covers on the ends or side of the pressure vessd#ibiv access to the interior for service
personnel and/or equipment, including removal astailation of the purification

assemblies. In the embodiment of Fig. 1, the presgessel 11 may be oriented horizontally
and supported by two or more stands 17 and maydech gas outlet 16 at one end of the
pressure vessel 11, a gas inlet 15 in the sideegptessure vessel 11 nearer the other end,

e.g., along the top of the pressure vessel 11laammyer such as a quick opening hatch 20



hinged at the other end of the pressure vessel'th&.hatch 20 may be large enough to swing
open and provide access along the entire inneretemof the pressure vessel 11, facilitating
installation and removal of the purification assée® Alternatively, a cover may be bolted
to the end of the pressure vessel, again provigoegss along the entire inner diameter when
the cover is removed and facilitating removal arstallation of one or more of the
purification assemblies. The pressure vessel Mais® be provided with one or more purge
gas inlets 21 and one or more gas discharge o@2etemmunicating between the interior
and exterior of the pressure vessel 11.

[0015] The purification assemblies may be configured wide variety of ways to

remove particulates, including liquid particulasesi/or solid particulates, entrained in the
gas. For example, depending on the specific typaudiculates present in the gas of the
pipeline system, at least one or all of the puatiiizn assemblies in the pressure vessel may be
a separator assembly and one or more of the patidit assemblies in the pressure vessel
may be a filter assembly. For many pipeline systdrtack powder may be a typical
particulate entrained in the gas. Black powder general term used to describe a host of
corrosion related contaminants in pipelines traigport natural gas, hydrocarbon
condensates, liquefied petroleum gas, and othesgabhe chemical and physical
composition of black powder may vary significantly.can be a dry powder, a liquid
suspension, and/or an intermediate sticky sludde dry powder may include iron oxides,
iron sulfides, and iron carbonates and may be &aen submicron in size. For example,
about 70% of the dry black powder particles maybeut 10 microns or less in size, and the
total loading may be in the range of about 5 t@@ins/MMSCF during normal operation of
the pipeline, although after a scraping operati@entotal loading may increase by a factor of
up to 20 or more. Binder material present in tipelnes, e.g., parafins, asphaltenes, glycols,
and/or lubricants, may hold some of the black povpdeticles together to form larger
agglomerates. Additional solids, e.g., sand amsligrfrequently accompany the black
powder entrained in the gas. Consequently, forymlaut not all, of the embodiments, one of
the purification assemblies, e.g., the most dowiastr purification assembly in the pressure
vessel, may be a filter assembly arranged to rerfioge particulates, and another

purification assembly, e.g., the most upstreamfigation assembly, may be a separator
assembly arranged to remove liquid particulategaandrger solid particulates and
agglomerates. For example, in the purificatiomm@gement 10 shown in Fig. 1, the

purification assembly 12 coupled more closely ®dhs inlet 15 may be a separator



assembly 23 and the purification assembly 13 cauplere closely to the gas outlet 16 may
be a filter assembly 24.

[0016] The filter assembly may be configured in any of roous ways and may include
one or more filter elements. For many embodimehtsfilter assembly 24 may comprise a
filter bundle assembly having an array of filteerakents 25, as shown in Fig. 2. The filter
elements may have any of a wide variety of shapdsies. For example, each filter
element 25 may have a hollow, generally cylindrad@pe, may include a blind end and an
open end fluidly communicating with the interiortbe hollow element, and may be arranged
for gas flow outside-in or inside-out through elemeThe filter elements 25 may include a
wide variety of porous filter media 26 for removipagrticulates from the gas. The porous
filter medium may, for example, include a poroudahmedium, a porous ceramic medium,
or a porous polymeric medium and may, for exampein the form of a spirally wound or
pleated membrane or sheet, e.g., a fibrous sheathaollow, cylindrical mass, e.g., a fibrous
mass. Further, the filter medium may have anywdréety of removal ratings. For
embodiments targeting black powder, the filter madimay comprise a high-efficiency,
high-dirt capacity, tapered-pore, absolute-ratedidggpth filter medium. Examples of filter
elements that are particularly effective for renrmgvblack powder include filter elements
rated 0.3 micron in gas and available under traetdesignation Coreless from Pall
Corporation of Port Washington, New York USA.

[0017] The filter assembly 24 may also include a framéo8&upporting the array of

filter elements 25 in the pressure vessel 11. fidrae may be configured in any of
numerous ways and may support the array for gasdlatside-in or inside-out through the
hollow filter elements. For example, the framen38y support the array for outside-in gas
flow and may include a tube sheet 31 at the enleofrray nearer the gas outlet 16, a
support plate 32 closer to, or at, the oppositeddrile array, and one or more struts 33 that
connect the tube sheet 31 and the support platd B&.tube sheet 31 and the support plate
32 may have a shape that generally conforms torthes-sectional shape of the interior of the
pressure vessel and a dimension, e.g., an outeetka, that closely corresponds to the inner
diameter of the pressure vessel. The tube shemia§lhave a plurality of openings, and the
open end of each filter element 25 may be sealed pening in the tube sheet 31, either
directly or via a stand-off tube, as shown in 2g.The tube sheet 31 thus defines an
unfiltered region of the filter assembly around tifter elements 25 on one side of the tube
sheet 31 and a filtrate region on the opposite sidiee tube sheet 31. The filtrate side of the

tube sheet 31 may be sealed to a header 34 whitlrn, may be sealed to the gas outlet 16



of the pressure vessel 11. For example, the hé&dderay taper to an outlet end that may be
sealed to the gas outlet 16. Alternatively, tHeetaheet may be sealed to the interior of the
pressure vessel. The support plate 32, which raayohnected to the filter elements 25, for
example, at the blind ends of the filter elemessray also have a plurality of openings,
allowing the unfiltered gas to flow along the eiteof the filter elements 25.

[0018] The filter assembly may include one or more add#élaomponents. For
example, the filter assembly may or may not furihelude a shell surrounding the array of
filter elements and/or a transmit mechanism faitig the removal and installation of the
filter assembly within the pressure vessel. Indlmbodiment shown in Fig. 2, the filter
assembly 24 may not include a shell but may incluttansit mechanism 35. The transit
mechanism may be configured in any of numerous wagyading, for example, as slides on
the filter assembly and/or rails along the inteabthe pressure vessel. In Fig. 2, the transit
mechanism 35 may comprise a plurality of wheelse3$., spring loaded wheels, connected
to the frame 30 and/or the header 34 and distribateund the filter assembly 24, allowing
the filter assembly 24 to be quickly and converierdlled out of and into the interior of the
pressure vessel 11.

[0019] The separator assembly may be configured in ampferous ways and may
include one or more separators, including, for g¥amone or more inertial separators. For
many embodiments, the separator assembly may ceenpmulti-stage separator assembly,
and at least one stage may include any type ofitiggdl or dynamic separator. One of
many different examples of a separator assemlthei$wo-stage separator assembly 23
shown in Fig. 3 The first stage may include anastseparator, e.g., a downwardly angled
impact plate 40, directly in the gas flow path frtme gas inlet 15 and a large settling region
41 below the impact plate 40. The second stageintiyde one or more higher efficiency
separators 42, e.g., a bank of cyclone separafoss@ported by a top plate 43. For some
embodiments, the cyclone separators 42 may hawueaffof down to about 8 microns or
less at rated gas flow and a cut off of down touald® microns or less at 50% of rated gas
flow. Any number of cyclone separators may be gled, e.g., four or more, six or more,
eight or more, or ten or more, and the cyclone rsg¢pes may be variously configured. In the
embodiment of Fig. 3, each cyclone separator 42imayde an outer can 44 mounted
around an inner can 45. The outer can 44 maydsedlat the inlet end, e.g., by the top plate
43, and open at the lower outlet end, and the ioae45 may be open at both the inlet and
outlet ends, the outlet end of the inner can ogettirough the top plate 43. The axes of the

cyclone separators may be oriented parallel tqgyeticular to, or at any angle to the axis of



the pressure vessel. In the illustrated embodintkataxes are generally perpendicular to the
axis of the pressure vessel 11. Additional trapyg be arranged at and/or below the lower
outlet of the outer can to enhance the retentiqradiculates.

[0020] The separator assembly may also include a framgostipg the multi-stage
separators, and the frame may be configured irohnymerous ways. For example, the
frame may comprise a plurality of support platess8@onnected by one or more struts 53 as
well as the top plate 43 and the impact plate A@ownstream support plate 50 may be
positioned at the outlet end of the separator aslse®3, an upstream support plate 51 maybe
positioned at the opposite end of the separat@nasly 23, and an intermediate support plate
52 may be positioned between the upstream and di®ans support plates 50, 51. Each
support plate 50-52 may have a dimension, e.gougaer diameter, that closely corresponds
to the inner diameter of the pressure vessel Jhlewy the support plates 50-52 to fit closely
against the pressure vessel 11 and inhibit bypfaessyogas around the entire separator
assembly 23 or any of the stages of the separssenzbly 23. For some embodiments, one
or more of the support plates 50-52 may be seal#uetpressure vessel 11. The first stage of
the separator assembly 23 may be defined betweanmpstream support plate 51 and the
intermediate support plate 52, while the secongestaay be defined between the
intermediate support plate 52 and the downstreapatiplate 50. An opening in the
intermediate support plate 52 beneath the angleddiplate 40 may open into a duct 54 that
extends below the top plate 43, allowing gas te/ fimm the first stage into the second stage.
The duct 54 may feed the gas to each cyclone depd2, for example, through an inlet
opening in the side of the outer can 44 near tle¢ @nd. An opening in the downstream
support plate 50 above the top plate 43 allowd@asit the second stage of the separator
assembly 23 and enter the filter assembly 24.

[0021] The separator assembly may further include a shalinted to all or one or more

of the separators and/or stages of the separatemddy to contain the particulates removed
by the separators 40, 42. In the illustrated ermbedt, the shell 55 may be mounted to all of
the separators 40, 42 and the frame of the sepasdembly 23. The shell may be variously
configured and may or may not be connected andéled to the remainder of the separation
assembly. For example, the shell 55 may be gdpendindrical and open on both ends and
may surround one or more of the separators 40T#2. shell 55 may be dimensioned to fit
within the interior of the pressure vessel 11 amdiad the separators and support plates 50-
52 of the separator assembly 23. For examplestiblt 55 may be dimensioned to closely

correspond to the inner diameter of the pressusseld 1 and the outer diameter of the



support plates 50-52, enabling the shell 55 taoimkiypass of any gas between the pressure
vessel 11 and the shell 55 or between the shelh83he support plates 50-52. For many
embodiments, the shell 55 may be sealed to theosuplates 50-52 in any suitable manner,
e.g., permanently or releasably, to contain antiqudates removed from the gas by the
separators 40, 42 of the separator assembly 28example, the shell 55 may be welded to
the outer rims of the separator plates 50-52 andforan a liquid-tight container containing
the solids and liquids removed from the gas bystarator assembly 23. The shell 55 may
have a significant liquid and/or solids holding aey which allows all of the particulates
removed by the separator assembly 23 over an eadigpetiod, even after scraping
operations, to be conveniently and safely stord@bivthe shell 55. The shell may have one
or more openings. For example, the shell 55 melypde an inlet opening 57 in the side, e.g.,
at the top, of the shell 55 that fluidly communesawvith the gas inlet 15 in the pressure
vessel 11, allowing gas to flow through the gastidb into the first stage of the separator
assembly 23. The inlet opening 57 in the shelingy fit closely against the gas inlet 15
and/or may be sealed to the gas inlet 15 to prewgrdass of gas around the separator
assembly 23. Other openings in the shell 55 melyde sealable side openings 58 that
facilitate emptying and cleaning of the interiortioé shell 55 and another top opening 59 that
allows the shell to be filled with water and/or astier suitable inhibitor. For many
embodiments, the shell 55 need not be a pressaseMeapable of withstanding the
difference in pressure between the interior anceitierior of the pressure vessel 11. Instead,
the shell 55 may be formed from a much lighter ganngterial, e.g., a lighter gauge metal,
that can contain solids and liquids removed bystygarator assembly 23.

[0022] The separator assembly may further include oneareradditional components.
For example, the separator assembly may includgnait mechanism facilitating removal
and insertion of the separator assembly withirptiessure vessel or the shell. The transit
mechanism may be configured in any of numerous wagkiding, for example, as slides on
the frame or the shell of the filter assembly andéils along the pressure vessel. In the
illustrated embodiment, the transit mechanism nwayprise a plurality of wheels 56. The
transit mechanism, e.g., the wheels, may be diggtaround the frame of the separator
assembly and may be arranged to move, e.g., fotigahe inner periphery of the shell 55 in
a manner similar to the filter assembly wheels B6r example, outside of the pressure
vessel 11 the separators 40, 42 and the frameafdparator assembly 23 may be moved,
e.g., rolled, along the interior of the shell 5% @@rmanently or removably fixed in place in

the shell 55, for example, by welding the supptatgs 50-52 to the shell 55. Then the entire



separator assembly 23 including the shell 55 maynteed through the open hatch 20 of the
pressure vessel and fixed in place in any suitadalener with the gas inlet 15 of the pressure
vessel 11 fluidly communicating with the inlet open57 in the shell 55. The shell may
further include a transit mechanism, e.g., whdel&cilitate this movement along the
pressure vessel, or the shell with the remaindéneteparator assembly inside may be
guided along the pressure vessel, for example,dusb/pull table similar to the push/pull
tables used for scrapers. Alternatively, the sl first be installed in the pressure vessel
without the remainder of the separator assembhe rémainder of the separator assembly,
e.g., the separators and the frame, may then bednewy., rolled, along the interior of the
shell and fixed in place while the shell is in firessure vessel.

[0023] The purification arrangement may include one orevaditional components.

For example, for some, but not all embodimentspiiméication arrangement 10 may include
an openable/closable barrier 14 positioned inrherior of the pressure vessel 11 between
the first and second purification assemblies 12, Ti3e openable/closeable barrier may be
configured in a variety of ways to alternately pd®/fluid communication between the
purification assemblies, e.g., the filter assenaig the separator assembly, and fluidly
isolate the purification assemblies. For examibie barrier 14 may comprise a pair of
coaxially mounted plates 60, 61, at least one efollates 61 being rotatable. For many
embodiments, one plate 60 may be stationary andttiex plate 61 may be rotatable. The
plates 60, 61 may have a shape that generally cosfto the cross-sectional shape of the
interior of the pressure vessel 11 and a dimensian, an outer diameter, that closely
corresponds to the inner diameter of the pressessel 11, providing a close fit between the
outer edge of the plates 60, 61 and the interith@fressure vessel 11 to inhibit gas flow
when the barrier 14 is closed. The plates 60, &} extend generally perpendicular to the
axis of the pressure vessel 11 and may or mayeseealed to the pressure vessel 11. Each
plate 60, 61 may have one or more apertures extgraadound a significant portion, e.g.,
about 50% or less, of the circumference of theepb&, 61, the remainder of the plate 60, 61
being imperforate. Alternatively, one of the pta6®, 61, e.g., the rotatable plate 61, may be
a partial plate having only an imperforate portiarge enough to obstruct the aperture on the
other plate 60 in the closed position. The bad#may be movable between an open
position and a closed position. For example,adtlene of the plates 61 may rotate with
respect to the other plate 60 between the opetigosind the closed position. In the open
position, the aperture(s) of the plates 60, 6laligned and unobstructed, the barrier 14 is

open, and gas may flow through the open barridveldreen the purification assemblies 12,
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13. For many embodiments, the imperforate pomiotihe rotatable plate(s) may be oriented
gravitationally below the aperture(s). The greateight of the imperforate portion may
"lock" the barrier in the open position during nalroperation when gas flows between the
purification assemblies. Alternatively or additidly, the plates may be locked in the open
position by a locking mechanism (not shown). l& ¢fosed position, the imperforate
portions of the plates 60, 61 obstruct the apestafdéhe plates 60, 61, the barrier 14 is
closed, and the purification assemblies 12, 13laidy isolated from one another. The
plates 60, 61 may be sealed to one another or mapstioned sufficiently close to one
another to substantially inhibit gas flow throuble bbstructed apertures of the closed barrier.
[0024] The barrier 14 may be mounted in the gas flow pativeen the purification
assemblies in a wide variety of ways. For exantple barrier 14 may include a mount 62
for supporting the barrier 14 in the gas flow plagitween the first and second purification
assemblies 12, 13. The mount 62 may be variousifigured and the plates 60, 61 may be
supported by the mount 62 in a variety of ways,, edgatably supported. The mount may be
attached to a variety of structures to supporbtmreier in the interior of the pressure vessel.
For some embodiments, the mount may be attachtbe oressure vessel itself. For
example, the mount may be attached, e.g., remodtaghed, to the interior of the pressure
vessel, supporting the barrier between the filsseanbly and the separator assembly. For
other embodimentshe mount may be attached to the separator assermblyexample, the
mount may be attached to the struts or the dowarstiupport plate of the frame or to the
shell of the separator assembly, supporting thedrgust beyond and downstream of the
separator assembly. For still other embodimeh&smount may be attached directly to the
filter assembly 24. For example, the mount 62 b&ttached to the frame 30 of the filter
assembly 24, e.g., the support plate 32 and/ostthés 33, supporting the barrier 14 just
behind and upstream of the filter assembly 24.

[0025] Methods for removing particulates from a gas flayuin a gas pipeline system
may be embodied in a wide variety of ways. Fomaxa, during normal operation a flow of
gas may be established through the pipeline syatatthrough the pressure vessel 11
connected to the pipeline. As the gas flows altveggas flow path through the interior of the
pressure vessel 11, the gas is directed througbabenlet 15, the first purification assembly
12, and the second purification assembly 13 bedriting the pressure vessel 11 via the gas
outlet 16. For embodiments having a barrier 1d,ghs may also be directed through the
open barrier 14 between the purification assemhed 3. As the gas flows through the

purification assemblies 12, 13, a significant mortof the particulates, both liquid and solids,
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is removed from the gas by the purification asseésll?2, 13. A wide variety of different
purification assemblies may be contained in thegree vessel to remove particulates from
the gas, as previously explained. One of numeeaamples of different combinations of
purification assemblies is shown in Fig. 1, whére first purification assembly 12 may
comprise a separator assembly 24 for removingdiqad larger solids particulates and the
second purification assembly 13 may comprise arfdssembly 24 for removing finer solids
particulates. This arrangement of a separaton#dge?3 upstream and a filter assembly 24
downstream in the pressure vessel 11 is partiguddiéctive for removing black powder

from the gas.

[0026] As shown in Fig. 1, gas may enter the pressuree/@4sand pass along the gas
flow path first through the separator assembly 23 then through the filter assembly 24. As
the gas passes through the separator assembtyn28y be first directed through the first
stage of the separator assembly to remove liguidanger solids particulates and then
through the second stage to remove additionaldigad finer solid particulates. For
example, gas may pass from the gas inlet 15 dyrezthe first stage, impinging against an
impact separator, e.g., the angled impact platel4guid particulates may coalesce along the
impact plate 40 and then flow to the bottom offile stage. The larger solids particulates
may be deflected by the impact plate 40 to the aidkthen fall to the bottom of the first
stage. After moving quickly past the edges ofahgled impact plate 40, the gas may slow
in the larger settling region 41 below the anglagact plate 41, allowing additional
particulates to settle to the bottom of the fitafge. As the particulates are removed by the
separator(s) of the first stage, the shell mayecbkhnd contain the removed particulates. For
example, the particulates removed in the firstestagy be contained between the upstream
support plate 51 and the intermediate support platey the shell 55, thereby isolating the
particulates from the pressure vessel 11.

[0027] The gas may then enter the second stage from titiageegion 41 of the first
stage, for example, passing through an apertuetddalosely under the apex of the angled
impact plate 40 and into the duct 54 of the sestade. From the duct 54, the gas may enter
a cyclone separator 42, for example, through &t opening in the side of each outer can 44,
where the gas and remaining liquid and solids palgtes are swirled within the outer can 44
toward the outlet end of the can 44. Liquid anidsarticulates are deflected from the
principal gas flow stream by the cyclonic movemaiihe gas in the outer can 44 and fall to
the bottom of the second stage through the outlgé the outer can 44. Additional traps

(not shown) beneath the outer cans may enhancettr@ion of liquid and solid particulates
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between the intermediate and downstream suppadesp$?, 50. The gas may pass from the
outlet end of the outer can 44 and into the inhet ef the inner can 45, where it may pass
along the inner can 45 and through the outlet érdecinner can 45 into the space above the
top plate 43. From the space above the top piténé gas, substantially depleted in
particulates, may exit the separation assemblyd23®xample, through the opening in the
downstream support plate 50 above the top plate’dfain, as the particulates are removed
by the separators of the second stage, the shgltolkect and contain the removed
particulates. For example, the particulates rerdawehe second stage may be contained
between the intermediate support plate 52 anddistream support plate 50 by the shell
55, isolating the particulates from the pressussgkll.

[0028] From the first purification assembly 12, e.g., separator assembly 23, the gas
may flow along the gas flow path to the secondfjmation assembly 13, e.g., the filter
assembly 24. For embodiments having an openate@ble barrier 14, the gas may flow
between the purification assemblies 12, 13, ehg.separator and filter assemblies 23, 24,
through an open barrier 14. For example, the gasflow through the aligned apertures in
the plates 60, 61 of the open barrier 14 betweeséparator assembly 23 and the filter
assembly 24 with little or no pressure drop. Faobediments without an openable/closeable
barrier, the gas may flow directly to the secondfjpation assembly.

[0029] From the first purification assembly 12, the gaypass along the gas flow path
through the filter assembly 24, where any finetipalates remaining in the gas may be
removed by the filter medium 26. For example,fobodiments arranged for outside-in
flow through the filter elements 25, the gas mawfinto the unfiltered region along the
exterior of the filter elements 25. The gas thasses outside-in through the porous filter
medium 26 of each filter element 25, where therfpaaticulates are removed by the filter
medium 26, and into the interior of the hollowdiltelement 25. From the interiors of the
filter elements 25, the filtered gas may pass ¢og#s outlet 16 of the pressure vessel 11
substantially free of liquid and solids particukatd-or example, the gas may pass along the
interiors of the filter elements 25 through ther@yres in the tube sheet 31 into the header 34
and through the header 34 to the gas outlet 16.

[0030] After an extended period of time, one or both ef plurification assemblies 12,

13, e.g., the separator assembly 23 and/or tlee filsembly 24, may become loaded with
particulates. Various sensors, e.g., pressureseand/or weight sensors, associated with
the purification assemblies 12, 13 may provideraiication that a design parameter, e.g., the

pressure drop across or the particulate weightinvitre purification assembly, has been
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exceeded. Gas flow through the pressure vessalaylthen be terminated. For example,
the pipeline system may be shut down or the patibe arrangement 10 may be bypassed or
taken off line in favor of a parallel purificati@rangement 10. Upon termination of the gas
flow one or both of the purification assemblies 12,as well as the pressure vessel 11 may
be serviced, e.g., cleaned and/or replaced.

[0031] The shell 55 of the separator assembly 23 greatijitates servicing of the
purification arrangement 10. Many particulates|uding black powder, may be toxic and/or
may be chemically reactive, e.g., pyrophoric, whgposed to air and, therefore, present a
serious safety hazard to the service personneg. siikll 55 collects and contains the
particulates removed by the separators 40, 42sutdtés the service personnel from many of
the hazards of these particulates. For exampl&ginlustrated embodiment, the pressure
vessel 11 may be opened, e.g., by swinging thénl2iopen, and the separator assembly 23
may be removed through the open hatch 20. Theamepassembly 23, including the shell 55,
may be removed from the pressure vessel 11, fanpbe via a transit mechanism and/or a
push/pull table, with all of the collected liquiddasolid particulates contained within the shell
55 and isolated from the service personnel. Toéwgher ensure the safety of the service
personnel, the shell may be filled with water an@tay other suitable inhibitor. For example,
water may dilute the liquid contaminants and préay solid contaminants from reacting
with air. The water may be supplied to the sh&ltfFough a water inlet in the pressure vessel
11 and the top opening 59 in the shell 55 befoeestparator assembly 23 is removed.

[0032] In addition to protecting the service personned,ghell 55 of the separator
assembly 23 greatly reduces the downtime requaeceimoving a separator assembly 23
fully loaded with particulates and replacing ithvé cleaned/new separator assembly 23
empty of particulates. Not only does the shelisafiate the particulates from the service
personnel, it also isolates the particulates froengressure vessel 11. When the loaded
separator assembly 23 with all of the removed paetes contained within the shell 55 is
removed, the pressure vessel remains relativenciequiring far less time to clean the
interior of the pressure vessel 11 in the vicimityhe removed separator assembly 23 and
install the cleaned/new separator assembly 23.

[0033] For embodiments having an openable/closeable basgevice personnel may be
further protected by the openable/closeable batderFor example, after the gas flow is
terminated, the open barrier may be closed, is@dtie purification assemblies from one
another and allowing at least one of the purifmatssemblies e.g., the separator assembly

23, to be serviced without exposing the servicaqamel to the particulates in the other
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purification assembly, e.qg., the filter assembly Ebr example, the hatch 20 of the pressure
vessel 11 may be opened and the open barrier 14empoved to the closed position in any
of a variety of ways. For example, one of the fization assemblies, e.g., the separator
assembly 23, may have a hollow guide 63 which agdhrough the purification assembly
11 and allows a tool 64, e.g., an elongate T-lodbgetcoupled to the open barrier 14 to move
it to the closed position. For some embodimehs tbol 64 may have a fitting on one end
that engages the rotatable plate 61 of the bakfiend rotates the plate 61 until the
imperforate portions of the plates 61, 62 obsttietapertures in the plates 61, 62, closing
the barrier 14. The closed barrier 14 defines éirsl second isolated chambers 65, 66 within
the pressure vessel 11 around the first and sqmanification assemblies 12, 13 respectively,
allowing the service personnel to service one efgtrification assemblies 12, 13 free of the
risks from the particulates in the other purifioatassembly 13, 12.

[0034] For many embodiments, the service personnel mayée further protected by
flooding one or both of the first and second chamié®, 66 with an inert gas, e.g., nitrogen.
For some embodiments, before the hatch 20 is opéme@ntire pressure vessel 11 or at least
the second chamber 66 may be flooded with the gestvia an inert gas inlet in the pressure
vessel 11. The hatch 20 may then be opened arzhther 14 may be moved to the closed
position, maintaining the inert gas in the secamaineber 66 around the filter elements 25 of
the filter assembly 24. Additionally, a small fla¥inert gas may be directed into the second
chamber 66 to maintain a small positive pressuiaest gas in the second chamber 66 while
barrier 14 is closed and the first purificationexably 12, e.g., the separator assembly 23, is
removed and/or serviced. Maintaining the inert@asind the second purification assembly
13, e.g., the filter assembly 24, ensures thafitigeparticulates removed by the filter
assembly 24 are not exposed to air and subjebetpdssibility of a pyrophoric reaction.
[0035] If the second purification assembly 13 is not iechef servicing, a cleaned/new
first purification assembly 12, e.g., a separagseably 23, may be installed through the
open hatch 20 in the pressure vessel 11, e.gg vansit mechanism and/or push/pull table.
For embodiments having an openable/closeable bardighe closed barrier 14 may be
opened, either before or after the cleaned or mstvdurification assembly is installed. For
example, a cleaned/new separator assembly 23 ingladshell 55 may be installed in the
pressure vessel 11. The T-bar 65 may be insdrtedgh the guide 63 and engaged with the
rotatable plate 61, and the plate 61 may be rotatéitithe apertures in the plates 60, 61 are
aligned, opening the barrier 14 for normal operatidhe cover, e.g., the hatch 20, may be

closed and gas flow may again be established thrthepurification arrangement 10.
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[0036] If the second purification assembly 13 is alsoeradhof servicing, it too may be
removed from the pressure vessel 11. For some @mbkats, the pressure vessel may
include a separate opening, e.g., a separate batdver, for removing the second
purification assembly allowing the second purificatassembly to be removed before or at
the same time as the first purification assemlhtythe illustrated embodiment, the second
purification assembly 13, e.g., the filter assenitsly may be removed from the pressure
vessel 11 after the first purification assembly d.8,, the separator assembly 23, through the
same opening, e.g., the hatch 20, as the firstigation assembly 12. For embodiments in
which an openable/closeable barrier is attachexttijrto the pressure vessel, the barrier
and/or the barrier mount may be removed from tlessure vessel before the second
purification assembly follows the first purificatidghrough the hatch. For embodiments in
which the barrier 14 is attached to the first aosel purification assembly 12, 13 or no
barrier is provided, the second purification asdgriB may be removed from the pressure
vessel 11 for cleaning or replacement in a vaétyays, as previously described with
respect to the first purification assembly 12 tHe illustrated embodiment, the filter
assembly 24 may be disengaged from the gas odtlet the pressure vessel 11, for example,
by disengaging the header 34 from the gas outlet-b8 embodiments with a transit
mechanism, e.g., the wheels 36, the filter asse@wliynay be quickly and easily rolled along
the pressure vessel 11 through the open hatcff 2@ barrier 14 may be removed from the
pressure vessel 11, for example, along with therfdssembly 24. The individual filter
elements 25 may be cleaned or replaced. Altemigtian entirely new filter assembly 24,
including new filter elements 25, with or withoubarrier 14, may replace the spent filter
assembly 24.

[0037] Once the pressure vessel 11 is empty, it may lametband a cleaned/new second
purification assembly 13 may be installed in thessure vessel 11. For example, the
cleaned/new filter assembly 24, with or withoutaditached barrier 14, may be moved into
the pressure vessel 11 through the open axial mh@dlang the pressure vessel 11 and fitted
into sealed engagement with the gas outlet 16eabpiposite end of the pressure vessel 11.
For embodiments with a transit mechanism, e.g.wiheels 36, the filter assembly 24 may be
quickly and easily rolled toward the gas outletubl the header 34 engages and is sealed to
the gas inlet 16.

[0038] Before or after the cleaned/new second purificatissembly 13, e.g., the filter
assembly 24, is installed, any barrier 14 may beaddo the open position. The

cleaned/new first purification assembly 12, elip, separator assembly 23, may then be
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installed as previously described. The cover, ¢hg.hatch 20 may be closed. And a gas
flow may again be established through the purilccaarrangement 10.

[0039] Although the invention has been disclosed in thbafiments previously
described and illustrated, the invention is noftkth to those embodiments. For instance,
one or more features of an embodiment may be eitathor modified, one or more features
of one embodiment may be combined with one or rfeatures of other embodiments, or
embodiments with very different features may beisamed without departing from the
scope of the invention. For example, for some etithents the openable/closeable barrier
may comprise a single plate including one sectiagdd to another section. The hinged
section may be moved between a closed positioraarapen position. In the closed
position, the two sections of the plate may be leogr and the plate may have a shape that
closely fits across the cross section of the pressessel, inhibiting gas flow and isolating
the first and second purification assemblies.hindpen section, the hinged sections may
extend at an angle to one another, creating atumpehrough which gas may flow between
the first and second purification assemblies. @& similar to the T-bar may be used to open
and close the hinged barrier. For some embodim#@sarrier may comprise a shuttered or
louvered plate. The shutter(s) or louver(s) maynoeed to an open or closed position in a
variety of ways, including for example, as previgugescribed with respect to the T-bar.
Alternatively, the shutter(s) or louver(s) may hased toward a closed position, e.g., by
springs, but forced to the open position when its¢ purification assembly is inserted in the
pressure vessel. For example, a member on thefirgication assembly may contact the
barrier and force the shutter(s) or louver(s) opeen the first purification assembly is
properly positioned in the pressure vessel.

[0040] For some embodiments, the array of filter elemerdyg be arranged for gas flow
inside-out. The tube sheet may be positionedea¢tid of the array closest to the barrier and
may be sealed to the pressure vessel or to a lgsisimounding the array of filter elements.
The open ends of the filter elements may be sdaldtk apertures in the tube sheet, while
the support plate may be located at or near thesigpend of the array. Gas flowing
through the open barrier may pass into the intembthe hollow filter elements through the
apertures in the tube sheet and then pass insidévough the filter medium, where the finer
particulates are removed, to the exterior of therfelements. From the exterior of the filter
elements, the gas may pass to the gas outlet pirdissure vessel.

[0041] The present invention thus encompasses innumesaiib@diments and is not

restricted to the particular embodiments that Heeen described, illustrated, and/or
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suggested herein. Rather, the present inventmuades all embodiments and modifications
that may fall within the scope of the claims.

[0042] The use of the terms “a” and “an” and “the” andl&sst one” and similar
referents in the context of describing the invemtiespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the liggeas (A or B) or any combination of two
or more of the listed items (A and B), unless othee indicated herein or clearly
contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eaelparate value falling within the range,
unless otherwise indicated herein, and each sepealite is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgxes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to beatleminate the invention and does not pose a
limitation on the scope of the invention unlesseoiise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0043] Preferred embodiments of this invention are deedriterein, including the best
mode known to the inventors for carrying out theemmtion. Variations of those preferred
embodiments may become apparent to those of ogdakdt in the art upon reading the
foregoing description. The inventors expect sHligtisans to employ such variations as
appropriate, and the inventors intend for the iteento be practiced otherwise than as
specifically described herein. Accordingly, tmseéntion includes all modifications and
equivalents of the subject matter recited in tlaéncs appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS

1. A purification arrangement for a gas pipelinsteyn, the purification arrangement
comprising:

a pressure vessel including an interior, a gad,iahd a gas outlet and defining a gas
flow path through the interior of the pressure eébgtween the gas inlet and the gas outlet;
a first purification assembly located in the ptessvessel in the gas flow path

between the gas inlet and the gas outlet;

a second purification assembly located in thequiesvessel in the gas flow path
between the gas inlet and the gas outlet, the squanification assembly being located in the
gas flow path between the gas outlet and thegdiratication assembly,

wherein at least one of the first and second matifon assemblies includes a
separator assembly having one or more separatorsrfmving particulates from the gas and
a shell mounted to one or more of the separatareritain the particulates removed by the

separator.

2. The purification arrangement of claim 1 whettdi@ first purification assembly

comprises the separator assembly.

3. The purification arrangement of claim 1 or 2 véie the separator assembly includes

one or more cyclone separators.

4, The purification arrangement of claim 1 or 2 veie the separator assembly includes
a plurality of stages positioned in the gas flowhpavherein at least one of the downstream

stages includes one or more cyclone separators.

5. The purification arrangement of claim 4 whetti@ shell surrounds all stages of the

separator assembly.
6. The purification arrangement of any precedirgnelwherein at least one of the first

and second purification assemblies comprisesa fissembly having a porous filter medium

for filtering particulates from the gas.
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7. The purification arrangement of claim 6 whertkia filter assembly comprises an

array of hollow, generally cylindrical filter elemis.

8. The purification arrangement of claim 6 or 7 veie the second purification

assembly comprises the filter assembly.

9. The purification arrangement of any precedir@gnclwherein the pressure vessel has
an opening through which at least one of the &irst second purification assemblies is

removable and installable.

10. The purification arrangement of any precediag further comprising an
openable/closable barrier positioned in the intesfdhe pressure vessel between the first
and second purification assemblies, the barrigrgogioveable between an open position
wherein the first purification assembly fluidly camnicates with the second purification
assembly and a closed position wherein the baswdates the first and second purification

assemblies from one another.

11. A purification arrangement for a gas pipeligstem, the purification arrangement
comprising:

a pressure vessel including an interior, a gad,iahd a gas outlet and defining a gas
flow path through the interior of the pressure eébgtween the gas inlet and the gas outlet;

a filter assembly located in the gas flow patthminterior of the pressure vessel,
wherein the filter assembly includes a pluralityfitier elements, each element including a
filter medium for filtering particulates from gaswing through the filter element; and

a separator assembly located in the gas flowipétie interior of the pressure vessel
between the gas inlet of the pressure vessel anfiltdr assembly, wherein the separator
assembly comprises one or more separators for iegparticulates from the gas and a shell
mounted to one or more of the separators to cotteiparticulates removed by the

separators.

12. The purification arrangement of claim 11 whertkie separator assembly includes

one or more cyclone separators.
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13.  The purification arrangement of claim 11 wherbie separator assembly comprises
at least a first stage and a second stage downsfrea the first stage in the gas flow path,

the second stage including cyclone separators.

14. The purification arrangement of claim 13 whertkie shell surrounds both the first

and second stages and collects particulates renfyvt first and second stages.

15. The purification arrangement of any of claimis1¥ wherein the shell defines a

liquid-tight enclosure.

16. The purification arrangement of any of claimis1b wherein each filter element has a
hollow, generally cylindrical configuration and tpkirality of filter elements are arranged

for outside-in flow.

17. The purification arrangement of any of claims1b wherein the pressure vessel has

an opening through which at least separator asyast#movable and installable.

18. The purification assembly of any of claims T71fdrther comprising an
openable/closable barrier positioned in the intesfdhe pressure vessel between the filter
assembly and the separator assembly, the barirey beveable between an open position
wherein the filter assembly fluidly communicateshathe separator assembly and a closed
position wherein the barrier isolates the filtesexably and the separator assembly from one

another.

19. A method for removing particulates from a dawing in a gas pipeline system, the
method comprising:

establishing a flow of gas through a pressureeldssm a gas inlet to a gas outlet,
including directing gas through a first purificatiassembly and a second purification
assembly, wherein directing gas through the figsifigation and second purification
assemblies includes directing gas through one oe separators for removing particulates
from the gas and containing the particulates remdyethe one or more separators in a shell
mounted around the separators;

terminating the flow of gas through the pressweesel; and
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servicing at least one of the first and secondfipation assemblies, including
removing from the pressure vessel the separatendsy and the shell containing the

particulates removed by the separators.

20. The method of claim 19 further comprising filithe shell with water after

terminating the flow of gas through the pressurgsee

21. The method of claim 19 or 20 wherein direcag through the first purification
assembly comprises directing the gas through tharator assembly and wherein directing
gas through the second purification assembly caaprilirecting gas through a filter

assembly downstream from the separator assembly.

22. The method of claims 19, 20, or 21 whereinkdistaing the flow of gas includes
directing gas through an open barrier positiondad/éen first and second purification
assemblies, the method further comprising cloduegoarrier to fluidly isolate the first and

second purification assemblies after the flow of as been terminated.

23. The method of any of claims 19-22 further casipg reestablishing a gas flow

through the pressure vessel after servicing thiéigation assembly.

22



